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Introduction

1.
Demand Response (DR) represents an adequate option for reserve capacity in the context of increasing wind power generation and usage, which is characterized by its variability and unpredictability [1] . The promotion of electricity from renewables is a key European Union priority for several reasons, including the security and diversification of energy supply, environmental protection and social and economic cohesion. In other countries, like the United States state governments and federal initiatives such as the production tax credit and others have promoted the growth of renewables [2] . Also in Australia, some research has demonstrated that wind power producers can employ DR to maximize its profit [3] . However, the expansion of renewable energy sources requires new means of load management and greater quantities of various ancillary services [4] . Whereas conventional energy fuels can be converted whenever needed, renewables cannot. Wind and solar power generation depend on external conditions and their supply is not directly controllable. In this context, DR aims at adjusting the electricity demand to the grid requirements at a given point of time, which make it an important pillar in the context of Smart Grid concepts for achieving the EU's 20/20/20 goals, contributing to increase the efficiency of the power system [5] .
Different provisions dealing with demand side participation have been included in various EU policy documents, specifically the Electricity Directive (2009/72/EC) and the Energy Efficiency Directive (2012/27/EU). On the other hand, a large potential of DR resources have been identified in Europe [6] . However, as stated by [7] , the market designs and policies in place in most of the European countries do not promote today the participation of demand in electricity markets. On the contrary, DR and related activities such as aggregation remain illegal in many of them and in the majority of system services and wholesale markets [8] .
DR has proven to be a useful mechanism that produces significant benefits for both the customer and the power system [9] [10] [11] [12] [13] . Thus, customers may enrol in some DR program, designed and implemented by energy suppliers and network operators. These programs may provide a profitable option for customers that modify their usual pattern of consumption as response to an external event.
On the other hand, system operators or utilities can use DR to curtail or shift loads instead of just building more infrastructures for generation or energy storage, which provides significant cost savings in close to real time, often at lower cost than generation resources [14] . However, DR does not happen naturally and it needs mechanisms to be stimulated [15] .
The certification of the different activities involved in the transaction of DR resources would add credibility to the trading of flexibility, increasing the dynamism of the market and the confidence between the different players, facilitating the market acceptance of DR services and products.
Nowadays, certification based on international standards has become a strategic tool to ensure that business operations are as efficient as possible, increasing the productivity and helping companies to access new markets [16] .
Some efforts have been done in order to create some kind of norm to allow the certification of DR, especially in the US. Previous research has identified the need to develop standards to integrate and enable buildings to participate in Smart grids [17] . According to this interest, the Laurence Berkeley National Laboratory (LBNL) designed the Open Automated Demand Response (OpenADR) [18] , which represents the only standard existing in the World related to DR, even if it is only applied to communication purposes for commercial buildings [19] . Nevertheless, an international norm to allow the certification of the different activities related to the trading of DR resources is still missing.
Energy efficiency systems can be certified according to the standard ISO 50001 [20] and, based on this fact, several European countries offer financial instruments to promote the adoption of more efficient technologies and particularly, the utilization of renewable energy resources [21] .
Nevertheless, due to the lack of a norm or standard for this purpose, DR cannot be certified by now even when energy management has been identified by ISO as one of the top five areas that require the development and promotion of international standards [22] . Therefore, this paper proposes a methodology for the systematic certification of different activities related to the transaction of Demand Response resources. This methodology has been designed in the framework of the European LIFE+ Project "Demand Response in Industrial Production".
The paper is organized as follows: Section 2 provides some basic concepts about Demand Response, the way how Demand Response actions can be classified and the reasons why it is necessary nowadays for the proper operation of power grids. Section 3 describes the roles and considered scenarios which frame the resulted methodology for certification of DR activities, detailed in Section 4. The further implementation of the proposed methodology and its limitations are discussed in Section 5 where the next steps for its application are highlighted. Finally, conclusions of this research are presented in Section 6.
Demand Response overview and its benefits 2.
What is Demand Response?
The concept of DR is understood as the ability of consumers to modify the power demand from their expected consumption either as a response to a requirement from the grid operator, load-serving entity (LSE) 3 or other demand response provider when a reliability problem occurs in the system, or as a reaction to variations in the price of electricity. While DR actions can take place at any time, not only during the peak period [23] , their implementation could be key during peak periods of electricity use, and they are usually less costly than building more power plants [24] .
Depending on how Demand Response actions are performed, the different actions can be divided into three blocks, as shown in Figure 1 [9]:
Demand shifting by moving some energy packages from some periods (usually on-peak to shoulder or valley periods) when electricity is cheaper or the operation of the grid is less critical. This is the most frequent type of demand response action, which takes place in the industry. The net balance in the energy consumption may be zero, but the economic benefit achieved by the customer is positive, as the price of electricity is different during those periods.
Demand reductions (or increases), which are not compensated by rises (or reductions) during the rest of the time. A typical example is lighting, which if reduced, it is not later reconnected to recover the consumption. These actions imply a loss of service, which may be translated into loss production and extra cost.
Autonomous self-generation, producing the electricity that customers use onsite, which translates to a net reduction of the demanded power from the grid with no load modifications required from the consumer.
The planning, implementation and monitoring of activities designed to encourage consumers to modify patterns of electricity usage is known as Demand Side Management (DSM) [25] . DSM and load management strategies have been commonly used in the operation of electricity systems for more than 30 years in such countries like the United States [26] . However, DR resources have been underutilized in other regions like Europe, where the absence of initiatives on demand response, which now arise, could have been motivated by the inexistence of a single European energy market [7] .
Today, DR is becoming more automatic and easier to implement for customers since electricity prices and similar information can now be automatically delivered and because communication technology is more accessible [27] . System operators can therefore allow customers to participate in different DR alternatives. Since the year 2000, in both the USA [28] , [29] and Europe [30] , [31] , different research has been carried out in order to develop new DSM programs which involve commercial and residential customers (and not just large industrial ones like it was common in the past) in the operation of the electricity systems.
Benefits of Demand Response
DR is an important pillar in the context of Smart Grid concepts and it can contribute significantly to achieving the 20/20/20 goals. DR has been also identified as key to delivering an affordable and climate-friendly energy system by the Expert Group on Regulatory Recommendations for Smart Grids Deployment (EG3) [32] in a lately published report, where the need of more flexibility to ensure that the energy system is able to cope with the future challenges is enhanced.
Electric power systems have the following characteristics [14] :
Electricity cannot be stored in large amounts economically, what means that supply and demand must be balanced at any time.
Grid conditions can change significantly very quickly and unexpectedly, resulting in mismatches in supply and demand, which can jeopardize the power system quite fast. This is especially true nowadays when the implementation of new renewable resources of generation (especially wind power) has shot up. It means a notable increase in the variability and unpredictability of the generation and the consequently more expensive management of the grid. The use of flexibilities like demand response may help to reduce the grid expansion costs.
The ongoing "energy transition" increases the need for flexibility as it will be more and more necessary that the demand follows supply (at least in critical situations) and not vice versa as the system works most often today.
Central generation and transmission system investments have long lead times and cannot be extended in smaller steps. This kind of investment is only efficient if a high capacity increase is necessary.
Due to these characteristics, power systems need to be planned and managed for years in advance in order to guarantee that the system can operate reliably in real time despite the many uncertainties on future demand, fuel sources and asset availability.
These challenges, linked to the abovementioned uncertainties of the grid, make DR so valuable for the power system. System operators or utilities can use Demand Response to curtail or shift loads instead of just building more infrastructures for generation or energy storage. Thus, DR can produce significant cost savings in close to real time, often at lower cost than generation resources [11, 14] .
The most recent efforts on DR issues are related to the use of flexibility for the operation of Smart
Grids and the new challenges of the electrical networks such as the integration of electrical vehicles and storage devices. An example of application of DR concepts for the optimal operation of a distribution company considering energy storage, renewables and electrical vehicles is described in [33] . Fast power DR strategies based on the use of DR resources for smart grid applications are discussed in [34] . Some examples about strategies which can be used by end-users to take advantage of their electric devices for DR purposes can be found in [35] [36] [37] , specially focused on control applications for acclimatization devices. Finally, some research such as [38] and [39] is focused on the identification of market barriers which prevent the massive utilization of DR resources.
This last reference concludes that one significant barrier is the lack of an international standard to allow the certification of the different activities involved in the trading of DR resources.
Summarizing: DR aims at adjusting the electricity demand to the grid or system requirements at a given point of time and thereby facilitates the further integration of distributed energy resources, improving the efficiency of the whole electricity system.
Roles and considered scenarios for Demand Response trading 3.
This section describes the scenarios considered for certification purposes, including the definition of the involved stakeholders, their role in the trading of DR resources and how they are related to each other.
Roles in Demand Response trading: definitions and linking
As in the trading of any service or good, the two main actors in the interchange of DR resources are the agent who is requiring the product or service and the agent who is providing the first one with the product or service. The agent who is providing DR resources will be nominated as Demand Response Provider (DRPV). On the other hand, the agent who is requesting the DR resources to the DRPV will be called Demand Response Requester (DRRQ).
The trading of DR resources necessarily includes a physical mean by means of which DR can be delivered. Moreover, the terms of the interchange must be described in some kind of agreement where such characteristics as the description of the product, how it will be traded and the settlement procedure should be clearly stated.
The contractual framework which guarantees that the service provided by the DRPV satisfies the minimum requirements of the related service to the final user or DRRQ will be called Demand
Response Product (DRPR).
Complementarily, the agent responsible to physically support the delivery of a DR service between a DRPV and a DRRQ will be called Demand Response Energy Service Trader (DREST). These roles are represented in Figure 2 .
A DRPV can be an energy consumer (also called "customer") offering some amount of flexible power as a result of a modification in the usual pattern of energy consumption, but they can also be aggregators offering complex demand packages to other agents. On the other hand, DRRQs will be usually transmission and distribution system operators (TSO/DSO) or retailers, which would be final users of the service provided by DR; however, also aggregators looking for smaller demand packages to build more complex offers could behave as DRRQ. Therefore, depending on the direction of the trading of DR resources, aggregators could be both DRPVs and DRRQs, as shown in Figure 3 .
Therefore, industrial customers would be typically providers of DR. Together with them, Energy Service Companies (ESCO) would play an essential role here in order to support customers in the identification of flexibility and the assessment of potential benefits.
Transmission system operators (TSO), distribution system operators (DSO) and retailers would be final users of DR resources and thus, requesters of DR services to the providers (DRRQs) Aggregators could be DR users when requiring DR services from customers (or other aggregators), but they can be also DR providers for a third party (a final user as a TSO/DSO, or even another aggregator as a new intermediary)
Two new stakeholders and consequently two business opportunities arise:
• The developer of DR Products or contractual models to facilitate the trading of DR resources.
• The Energy Service Trader as provider of a platform to support the physical interchange of DR resources.
Types of scenario
DR transactions between an energy consumer or customer as "creator" of DR and a final user of a DR service will be called "Direct Trading". Conversely, DR transactions through aggregators will be called "Indirect Trading". These two scenarios are represented in Figure 3 .
A complete transaction between a customer and a final user of a DR service may involve different indirect transactions. In this case, aggregators may play the role of DRRQ at one side and DRPV at the other side.
For each scenario, the economic transactions among the involved agents should be established in their contract. A DRRQ would have to pay to a DRPV for the service that the last gives to the first.
The intermediary parts (DRPR and DREST) should be jointly and severally paid by the DRPV and the DRRQ, although the part of the DRPV could be discounted in the final price settled by the DRRQ. In case of indirect trading, the situation is similar: when the aggregator behaves as DRRQ, it would give a payment to the consumer as DRPV, taking also into account the previous considerations regarding intermediaries. On the other hand, when the aggregator behaves as DRPV it would receive a payment from the other side (TSO/DSO, retailer or other aggregator in the role of DRRQ) which would be independent on the payment given to the customer in the previous transaction.
Types of certificate
The method here presented establishes certifications which would be applicable to the abovementioned roles in the transaction of DR resources. However, as it has been said, there is not a norm which currently allows the certification of DR services. Consequently, this document may be taken by regulators and standardization bodies in the future as the foundation of a certification prerequisites procedure.
In this context, three activities have been considered susceptible to be certified: The characteristics which should have each of these certificates are described in the next section.
Certification prerequisites for Demand Response activities 4.
Method and justification
According to the International Standard Organization (ISO) 4 , the certification is the "provision by an independent body of written assurance (a certificate) that the product, service or system in question meets specific requirements. In other words, a certification is a document which guarantees that a product, service or process satisfies some kind of norm or standard". Nowadays, certification based on international standards has become a strategic tool to ensure that business operations are as efficient as possible, increasing the productivity and helping companies to access new markets.
Certification according international standards may bring many benefits to the society, including technical, economic and environmental aspects. Standardization helps customers to trust that products are safe, efficient and good for the environment. In some cases, certification is even a legal or contractual requirement.
As stated by ISO, the main benefits provided by standardization include:
• Cost savings, as operations are optimized and the final result is improved.
• Customer satisfaction is enhanced, as standardization improves quality, which may increase sales.
• Access to new markets, as standards help to prevent trade barriers, which enable customers to participate in global markets.
• Increased market share, as they may increase productivity and competitiveness.
• Environmental benefits, as negative impacts on the environment are prevented.
As it was mentioned above, improved energy efficiency systems can be certified according to the standard ISO 50001. There are also standards for the certification of the process of energy auditing related to Energy Efficiency (ISO 50002 or EN 16247). However, there is not a norm or standard for the certification of Demand Response (DR) and, consequently, DR cannot be certified by now.
Nevertheless, the certification of the different activities involved in the trading of DR resources arises as an essential mechanism for the stimulation of the demand side for the massive utilization of this kind of resources, with the subsequent benefits detailed in the previous chapters. Since certification is not possible today due to the lack of a norm or standard (as mentioned above), a previous "prequalification" stage took place where the basis of the methodology were established.
Finally, a roadmap for the further development of a norm or standard to allow the certification of DR activities was defined, as discussed later in section 5.
Certification of Demand Response Providers (DRPV)
In the case of providers of DR resources, the certificate must guarantee that the DRPV is flexible, in which amount and under which conditions the flexibility exists, as well as that the required equipment for control, monitoring and measurement is installed and ready to be used.
These aspects need to be verified by means of testing, based on a standardized and repeatable procedure.
In case of customers as DRPVs, a previous study and detailed evaluation of their flexibility is necessary. For aggregators, this evaluation of flexibility is not necessary because the complex offers they can design and sell as DRPVs have been built by combining demand packages already flexible (e.g. they have been bought to customers certified as DRPV), so that they should directly do the testing phase.
An important point of this approach is that DRPVs would not be not certified in abstract, but based on a set of particular flexibility actions which have been previously evaluated. So, a certified DRPV could offer to the market a standard demand package as it is specified in the certification document.
Standard demand packages are called here "standard" because they are defined in base to standard parameters (specified in section 4.2.1) but not because they should fit in some kind of pre-established DR program. This is an essential difference between this approach and how DR has been traditionally considered. In this way, the full potential of customers can be used as they get a certification based on their real abilities and not on how well they fit in some existing DR product.
Once the evaluation of flexibility has been done and the required equipment has been installed, a testing phase will validate the ability of the DRPV according to the defined DR actions.
Standard parameters which define the flexibility
An essential phase in the certification process is the standardization of the parameters which define any kind of flexibility based on which DR services may be traded. These parameters would be used by the DRPV to find out a proper DRPR in order to offer the flexibility to some interested DRRQ.
Consequently, these parameters must be the same in both types of certificate.
These parameters, represented graphically in Figure 4 for a standard load curve, are the following:
Flexible power PR 1 : This is the amount of power to be decreased or increased during the flexibility action. Depending on the service provided and also on the country, the minimum flexible power required to participate in the current DR services could be quite high (for example, the minimum required capacity for tertiary reserves in Germany is 15 MW).
However, the flexible power offered by the customer could be lower than the minimum requested to participate as a single DR provider if the DR product is offered by an aggregator that could make a larger offer to the market by grouping different DR providers. Consequently, T MIN must be equal or higher than T PR +T RC Link between flexibility actions: Other actions which may be affected by the activation of the considered flexibility action -including the preparation, duration and recovery period-will be indicated. A little explanation on how other actions may be impacted would be necessary.
Delay in the recovery period: The possibility to delay or schedule the recovery period after the performance of a flexibility action will be specified, detailing the time at which the recovery would take place.
Other contents of the DRPV certificate
In addition to the parameters mentioned before, information such as the methodology to calculate the baseline and the installed metering, control and monitoring equipment should be also included in the certificate.
The baseline of a consumer, which indicates the load profile that it would have if the flexibility action had not been activated, should be also included in the certification. The algorithm to calculate the baseline of the considered process must be clearly established, including the definition of all the used variables and indications on how to proceed in case of lack of some information. Thus, the effect of a flexibility action (reduction or increment of power) as well as the impact of preparation and recover periods would be evaluated as the difference between the real load curve and the baseline. For that reason, the calculation of the baseline must be as accurate as possible, and it will depend on the type of process that is considered.
On the other hand, the adequate implementation of flexibility requires the availability of the proper metering, control and monitoring equipment. Therefore, the following equipment should be, as minimum, installed in the facility to be certified:
Metering system which used to verify the performance of the flexibility action Control system which will be used to perform the flexibility action. This equipment depends on the speed of response (e.g. an activation faster than 30 seconds would be required for the participation in secondary reserves)
In addition, the customer must have the ability to properly communicate with the agent who is requiring the application of the flexibility action. However, DRPVs would not need to have installed this equipment if they sign an agreement with a certified DR Energy Service Trader (DREST) as described in section 4.4.
Certification of Demand Response Products (DRPR)
The need and convenience of developing standardized DR products has been already identified in previous research [8] . A certified DRPR provides confidence to the market agents who require some kind of DR service, so that a DRRQ (TSO, DSO, utility, aggregator, etc.) using a certified DRPR can ensure that using this contractual framework the DRPV is able to successfully perform the corresponding flexibility action under the conditions defined.
DRPRs would be used when a market agent different from the energy consumer receives a benefit from the DR flexibility of the energy consumer (e.g. when DR is used by a DSO to increment capacity reserve in his operation area or by a retailer to balance his portfolio), so that this market agent is willing to pay to the customer for this service. The customer may thus benefit from such payment in addition to other complementary benefits coming from the use of flexibility according to the prices in the own contract (Time-of-use contracts, real time prices, etc.).
DRPRs have been traditionally developed by the final users of DR services, such as TSOs and utilities [9] . However, the development of standard DRPRs is a new business which could be performed by an independent entity. It means that the final users of DR services can develop their own DRPR, or they could use standard products developed by some kind of external entity.
Standard parameters
As stated in 4.2.1, the standard parameters considered for the certification of standard DR products would be basically the same as considered for the certification of DR providers in order to allow DRPVs to find and choose a proper DRPR.
In case of the parameter "Flexible Power" denoted in section 4.2.1 as PR 1 , it could be lower than the minimum requested by DRRQs if the DR product is offered by an aggregator that could make a larger offer to the market by grouping different DR providers. Consequently, this is not a limiting factor for the certification of DRPRs since flexible demand packages so defined could be used by aggregators to build complex offers which may satisfy such minimum requirements. An example of this aspect is presented in Figure 5 where a complex offer has been created by combining four different offers based on certified DRPRs. Considering TIA 1 as a very short notification in advance (e.g. 30 seconds), DRPR 1 and DRPR 2 are fast products which could be quickly activated. However, they are not long enough so as to guarantee the suitability of these products in any operation service. On the other hand, products DRP 3 and DRP 4 need a longer notification in advance so their use alone for operation services is limited. Nevertheless, considering the four products together, a complex offer could be designed by an aggregator so that products DRP 1 and DRP 2 would guarantee a fast activation of the service while DRP 3 and DRP 4 will provide it with a longer duration of the flexibility action. At the same time, the simultaneous combination of more than one of these blocks would enable the aggregator to create larger offers which may be more attractive for a DR requester (in the example, the total amount of power P 2 in the complex offer is a combination of the individual capacities).
Similarly to the flexible power, the duration of the flexibility action T D and the notification in advance TIA should not mean a limitation for the certification of DRPRs. Aggregators can use offers which individually does not satisfy the minimum required duration or notification for an operation service (e.g. an aggregator can use the fastest DRPRs to create a quick response product combined with slower DRPRs to offer such product for longer) if they can build a complex offer according to the minimum requirements of the services requested by DRRQs even if individual offers do not satisfy such requirements.
Other contents of the DRPR certificate
In addition to the standard parameters previously stated, there is other kind of technical information 
Certification of Demand Response Energy Service Traders (DREST)
A DREST provides the physical means for the proper interchange of DR services between the DRPV (customers, aggregators) and a DRRQ (TSOs, DSOs, retailers, aggregators). Thus, the prequalification document guarantees to the market agent using the services provided by this certified DREST (DRRQs) that transactions will take place in a safe and reliable way. On the other hand, the usage of a DREST will ensure to DRPVs that the DR services provided by them will be properly delivered and settled, which is essential to ensure the payments from the DRRQ.
Traditionally, this type of service has been provided by the final user of the DR or by aggregators. However, it is actually an independent activity and it could be considered as a new business which could be externalized and performed by an independent entity.
The certificate of a DREST should include the following items:
Validation of the knowledge and abilities of the EST on Demand Response, including the background of the EST as enterprise (previous works in this field, developed projects, etc.) and the background of the technical staff working at the EST (competence, training, skills and experience)
Validation of the technical support of the EST, including software and hardware.
Demonstration of the abilities of the technical staff and the capacity of the physical support of the EST in real tests.
Validation of knowledge and abilities
The certification of a company as a DREST would be based on a set of criteria which should be satisfied by the company in order to get certified. The certification is not a static process, but also must guarantee the continuous fulfilment of the company with the above-mentioned criteria, maintaining the technical competence. In addition to the aspects related to the qualification and experience of the technical staff and the required equipment, the basic criteria to be satisfied by an EST so as to be certified would include :
The company applies appropriate methods and assessment procedures during the energy efficiency and demand response evaluation of customers.
The company uses quality control techniques for the evaluation of the consistency of the obtained results.
The company ensures the traceability of the measurements and the calibration according to international standards.
The company properly communicates to the clients on the results of its activities, producing clear and accurate information and reports.
The company has a quality system to manage its activities.
In addition to this, the company itself should demonstrate a solvent experience in energy auditing and demand response evaluation and management, independently on the individual qualifications of the current staff. In order to support this aspect, previous works on this field will be considered. In case of new companies which have no previous experience on demand response issues, more exigent requirements may be applicable to the current staff, where the need of incorporating new experts may be identified.
Regarding the technical staff of the EST, it would be necessary to accredit that they have the necessary qualifications, abilities and experience on DR. It does not mean that all the employees, individually, must have all of the qualifications, but it is necessary that all of them, on the whole, cover the mentioned areas of knowledge. This knowledge should include, but it is not limited to, the following topics:
Knowledge about regulation on energy efficiency and DR, as well as related to the development of the own activity (responsibility, infractions, obligations, etc.)
Knowledge and abilities on the use of software for energy modelling, evaluation and [44], which could be considered for this purpose.
Validation of the technical support
The technical support includes the software and hardware necessary for the proper interchange of DR resources. The hardware used by the EST should have the following capabilities:
Capability to store information in a secure way (database).
Capability to communicate and interchange information between the different interested entities (consumers, utilities, system operators, aggregators, etc.) with the required speed (band width), accuracy and reliability.
Capability to operate loads. Capability to measure variables. As minimum, the hardware must be able to register electrical variables, time variables associated to different events, counters to register numbers of events and other parameters which may be necessary for the evaluation of baselines (temperatures, sun radiation, etc.).
Capability to backup and restore in case of some problem in the system. This capability can be provided by some kind of redundant system.
Regarding the software requirements, the following characteristics should be considered:
Software to store information in a secure data base. 
Demonstration of abilities in testing
Even if all of the previous requirements are properly addressed, it does not necessarily mean that the EST will work as specified. The previous checklist would mean that the EST has the technical capabilities but it is not a sufficient guarantee. The final stage in the certification process is the verification, where the EST has to demonstrate the real ability to perform the role assigned to it, by testing what happens in a real situation. This demonstration should be done in some kind of simulator.
The first step would be the specification of the different scenarios to be tested. Based on these scenarios, the EST would facilitate the negotiation between fictitious DRPVs and the DRRQs, based on the DRPRs used by them. For each scenario it would be necessary to define in the simulator who will be selling DR and under which conditions (specification of DR providers), who will be buying DR and under which conditions (specification of DR requesters) and finally what the characteristics of the product to be traded are (specification of transactions). In a real situation, many different transactions could be happening in parallel, so that this aspect should be also considered when defining the scenarios. According to the different DRPRs, different types of negotiation should be considered (pay as bid, auction, market matching, etc.). This negotiation would be performed and different transactions may take place. Some exceptional situations should be considered, as the non-fulfilment of some transactions. In this last case, additional transactions would be necessary in order to guarantee a committed event (reduction or increment of power).
The effect of the performance of the different transactions would be analysed by using the tools of the EST. The impact of transactions on each DRPV and each DRRQ must be accurate and clear in terms of how results are shown to the different agents. The performed analysis would necessarily include the technical (in terms of power and energy), economic (in term of costs and benefits) and environmental (in terms of reduction of CO 2 emissions) evaluation of each performed transaction.
The last step would be the economic evaluation of incomes and payments to be performed by the different agents. Penalties to be paid by DR providers which have failed some event would be also included. The result of this phase should be detailed on a bill, specifying all the considered concepts that would pay or receive DRPVs and DRRQs according to their transactions.
Discussion
5.
The lack of regulation on DR standardization makes the certification of DR activities not possible today. However, this paper works out a conceptual model to propose a procedure which might be used as a blueprint for a later certification process, the development of a standard on DR or the extension of the current available standards like ISO 50001 to allow also the certification of DR activities together with energy efficiency. Therefore, the procedure hereby proposed can be used as starting point for an iterative process where the norm for DR certification may be performed.
The new norm on DR would be developed by means of an iterative process where the subsequent drafts would be progressively improved. There is not a norm on DR at this time, so that the specifications described in section 3 could be used as the starting point to initialize this iterative process. Certification bodies such as the International Organization for Standardization (ISO) or the European Committee for Standardization (CEN) would be in charge of developing this norm, which may be an extension of current available norms like ISO 50001 for the certification of energy efficiency systems. This option may be preferred especially in the part regarding to the certification of the consumer (who provides DR) as some of the requirements for consumers could be also required at this moment for the certification of energy efficiency.
The iterative process for the specification of the norm, as it is shown in Figure 6 , should include the following steps:
1. Dissemination among the potential agents interested on the trading of DR (aggregators, retailers, energy service companies, certifiers) in order to give them information and get them involved in the process.
2. Specification of a 1 st level of certification, which may include the application to all the roles except customers, which would be involved later when the framework is more mature. In this first stage in the certification process, just roles to be played by entities already familiar with DR issues would be considered. Thus, an initial framework where DR can be traded under the scope of certification may be launched. In particular, the certifications of DR Energy Service Traders (DREST), aggregators as DR Providers (DRPV) and DR products (DRPR)
for the trading of DR resources from aggregators to DRRQs would be developed. In this way, all the three certificates necessary in the future DR market would start to work.
3. Specification of the capabilities required by the stakeholders in order to get certified. As a consequence of the previous step, the requirements necessary to get certified for the different roles would be highlighted, so that the entities that play such roles in the market could focus on the fulfillment of such requirements. Consequently, these specifications would be used to provide training to the stakeholders in order to empower the more relevant aspects they would need for certification purposes.
4. Specification of a 2 nd level of certification, attaining customers as providers of Demand
Response (DRPVs). At this stage, the standard for the certification of DRPVs would have been partially developed but just for aggregators, considering easier to initially deal with them as they use to have previous knowledge and training on DR. Now, the standard for certification of customers as DRPVs would need to be developed.
5. Finally, based on the previous work, the recommendations for the establishment of the norm would be given to the standardization body, who would develop a proposal.
If the standardization body considers that the norm should be further worked out, a new iteration would be performed, considering as starting point the most recent proposal. The different iterations may be done according to the Standardization procedure defined in [45] . According to this document, the development and approval of a new standard may last between 3 and 5 years.
The agents who ask for the service (DRRQs) benefit from certification as it helps them to trust the services they are paying for, but this is also a significant advantage for DRPVs. It is responsibility of DRPVs not just to deliver the service, but also to demonstrate that they have done it. Sometimes this is a difficult task as settlement procedures are based on baselines which should be calculated in agreement to all the involved parties. Therefore, the utilization of a certified framework according to commonly accepted standards may facilitate the transaction of DR resources from all the perspectives.
Even if convenient and recommendable due to the benefits it presents, the authors consider that certification should not be compulsory for any of the three mentioned activities as it may mean an additional barrier for the transaction of DR resources, at least during this "launching stage". In opposition, the certification should be an additional guarantee which may increment the confidence in the trading of DR resources, creating a more dynamic framework for the transaction of demand services. In this context, certification should be understood as a recommendation and a convenience, but not an obligation. Thus, DRRQs would have the last word when making the decision to contract a certified or not certified DRPV to satisfy their needs. Similarly, DRPVs and DRRQs should agree if they use or not a certified DRPR for their transaction, even if the convenience of using a standard procedure arises.
Conclusions
6.
It is commonly agreed that DR may help to improve the performance of electricity systems. However, it does not happen naturally and it needs mechanisms to be stimulated. In this context, the certification of the different activities involved in the transaction of DR resources would mean a higher confidence among the different players in the trading of demand resources, increasing the dynamism of the market and facilitating the market acceptance of DR services and products.
The lack of standards and regulation for the certification of DR is the most critical barrier found for this purpose nowadays. DR cannot be certified today. Therefore, this paper proposes a standardization procedure in order to contribute to a future DR certification for the massive utilization of demand resources once the norm is in place.
A methodology for the systematic certification of different activities related to the transaction of DR resources has been developed and it is presented here. In particular, three types of certificate have been designed so that the different activities involved in the trading of DR resources are covered. It This paper provides a complete overview about the benefits of certification in the framework of DR trading, developing a procedure which sets the basis for a systematic application. Regulators can find in this research the foundation for the design and specification of a norm to allow the certification of the abovementioned activities, or a further development of existing standards (like ISO 50001) where certification of DR activities would be the natural complement to energy efficiency.
